biopsy has proved easy to acquire and it is without hazard. Illustrative data from 5 cases of endomyocardial fibrosis and 2 cases of 'congestive cardiomyopathy' are detailed.
Though considerable progress has been achieved in the diagnosis of heart diseases, there remains a group of heart diseases primarily affecting the myocardium the nature of which is obscure, and in which diagnosis is not easily reached in life. In such cases there is usually no obvious antecedent illness or associated lesion. The patients present with acute or chronic cardiac failure and considerable cardiac enlargement may be present. A diversity of conditions occurs in this group of myocardial diseases generally labelled 'cardiomyopathy' and defined by Goodwin (I964) as, 'an acute, subacute or chronic disorder of the heart muscle of unknown or obscure aetiology, often with associated endocardial or sometimes with pericardial involvement but not atherosclerotic in origin'.
Increasing awareness of the occurrence of the cardiomyopathies, clinical recognition of primary myocardial disease, and experience at necropsy in various centres in the world indicate an international prevalence (Fejfar, I968) . The exact histopathological lesion in the myocardium, if determined at all, is usually not ascertained before necropsy examination. A biopsy of the myocardium during life, with careful histological and histochemical studies, offers prospects of information on pathogenesis and pathology and perhaps a long-term possibility of treatment and prevention in areas where the cardiomyopathies are common.
Hitherto, procedures for obtaining biopsy specimens of the myocardium have involved thoracotomy and pericardiotomy or the use of percutaneous needle biopsy techniques. Weinberg, Fell, and Lynfield (I958) used a small thoracotomy incision carried out under local anaesthesia for myocardial and pericardial biopsy in the elucidation of aetiological diagnosis in cases of myocarditis and pericarditis. The need to obviate a surgical incision led to the development of needle techniques in the diagnosis of cardiac pathology. Sutton and Sutton (I960) devised a percutaneous needle technique using a thinwalled, modified Silverman needle with a notched cutting tip. By preference the site used was that of percutaneous left ventricular catheterization (Brock, Milstein, and Ross, I956) . A few years later Soubihe (I963) introduced a needle with a non-cutting tip. After penetration of the heart a lateral window allowed trapping of tissue, subsequently cut with an inner trocar. A needle with a similar principle of entrapment and cutting was widely used by Decourt and his colleagues (I963) Endomyocardial fibrosis is characterized by mural endocardial lesions in 3 major sites, the apex of the right ventricle, the apex of the left ventricle, and the posterior wall of the left ventricle including the posterior cusp of the mitral valve. At necropsy, biventricular disease is present in 50 per cent of cases though often the lesion on one side is more severe (Edington and Hutt, I968) . The clinical picture is dominated by severe cardiac failure (Somers and Fowler, 1968; Somers, Brenton, and Sood, I968b) , and differential diagnosis from constrictive pericarditis, a disorder amenable to operation, can often be difficult (Somers et al., i968a, b) . Studies of the histopathology of endomyocardial fibrosis suggest that the lesion starts in the connective tissues of the endocardium and adjacent myocardium. This leads to alteration of the overlying endothelium with deposition of platelets and fibrin and subsequent organization. In the later stages, the involved areas are transformed into hard white 
Konno biopsy method
For very young children and the occasional apprehensive patient, basal sedation was achieved with diazepam ('Valium') 5 mg orally or by intravenous injection, repeated if required. No other premedication was used in any patient. The right saphenous vein was exposed under local anaesthesia for standard right heart catheterization. Retrograde left heart catheterization was carried out via the right femoral artery. The Konno bioptome (Fig. Ia and b) , previously sterilized in the folded position fixed with a tape, was introduced and advanced under fluoroscopic control to the right ventricle (Fig. 2) . The bioptome was gently advanced to a point of contact with the ventricular wall which was recognized by a sensation of resistance. At this stage connexion with an exploring electrode, using a sterilized clamp connexion attached to the proximal end of the bioptome, ensured an intracardiac electrocardiographic record indicating chamber position and also contact with the ventricular wall (Emslie-Smith and Somers, I968). Still under fluoroscopic control, the screw at the operator's end controlling the biting mouth of the bioptome was loosened and while pressure was still maintained at the contact area, the now opened biting end was brought to close and the screw tightened again ( In all, 64 patients were biopsied. Their diagnoses are indicated in Table 2 . Initially, in this series the success rate with the technique was poor, partly because of excessive caution and partly from inexperience. With experience, the total success rate with single and multiple biopsies approached 8o per cent. Most of the failures occurred in patients with endomyocardial fibrosis where the bioptome tends to slide over the smooth fibrous endocardium. Whenever a biopsy was obtained the findings were usually helpful in establishing the diagnosis. Of the 64 patients submitted to biopsy, 6 were followed through to necropsy. One patient (Case 5) died 2 days later of pulmonary oedema. The remaining 5 patients died after periods ranging from io weeks to 4 years. In no case was there any evidence at necropsy of a recognizable site where the biopsy had been taken. Angiocardiography showed right atrial enlargement and gross tricuspid incompetence. The apical region of the right ventricle was flattened. A moderate pericardial effusion was present. The conclusion after cardiac catheterization was severe right ventricular endomyocardial fibrosis and tricuspid incompetence with associated pericardial effusion. Endomyocardial biopsy was taken from the apical region of the right ventricle.
The microscopical sections (Fig. 4a, b , and c) showed 3 zones: an amorphous thrombus of the type sometimes seen in endomyocardial fibrosis which often appears green at necropsy due to the absence of red cells, a zone of organization with proliferation of capillaries and fibroblasts, and a zone of denser collagen constituting a scar.
This case illustrates various stages seen in the microscopical picture during the development of (Fig. 5a, b, Case 3 A 5-year-old Ganda boy was admitted with abdominal swelling for 6 months associated with gross hepatosplenomegaly. Physical examination revealed cyanosis with early finger clubbing, jugular venous engorgement 6 cm above the sternal angle with brisk x and y descents, and a quiet apical impulse displaced to the anterior axillary line. A gallop rhythm was heard. An electrocardiogram showed tall bifid P waves, right ventricular preponderance, and ST segment depression in the right chest leads. The chest x-ray showed a large globular heart shadow and calcified left hilar lymph nodes. The Heaf test was positive (grade IV).
Findings at cardiac catheterization are set out in Table 5 .
The angiocardiogram showed severe apical deformity of the left ventricle. There was no mitral regurgitation. On the right side there was flattening of the right ventricular apex, tricuspid incompetence, and gross right atrial enlargement. The catheter diagnosis was severe biventricular endomyocardial fibrosis.
Endomyocardial biopsy taken from the right ventricle showed 3 pieces of tissue each of which was composed of myocardium and endocardium (Fig. 6a, b) . There was extensive fibrosis of the endocardium which extended into the myocardium and led to considerable atrophy and replacement of myofibrils. The appearances were typical of endomyocardial fibrosis. Comment Endomyocardial scarring and myofibre changes in this patient confirmed the diagnosis of endomyocardial fibrosis.
Case 4 This io-year-old Rundi girl had a 'fever' followed by facial puffiness and abdominal disten- Table 6 .
A cineangiocardiogram showed considerable compression of the right and left ventricles by a massive pericardial effusion. In addition, the apex of the right ventricle was flattened, suggestive of severe endomyocardial fibrosis.
Biopsy from the right ventricle showed a piece of myocardium and endocardium (Fig. 7a, b) . The latter was grossly thickened by relatively acellular fibrous tissue and there was some extension of a looser connective tissue into the myocardium. The appearances were consistent with a diagnosis of endomyocardial fibrosis.
Comment An overall diagnosis of endomyocardial fibrosis was confirmed on the cardiac biopsy findings.
Case 5 A 30-year-old Hangaza woman presented with cough, dyspnoea, and palpitations for 7 months. Examination revealed an orthopnoeic patient with signs of moderately severe congestive cardiac failure. The apical impulse was in the sixth left intercostal space just outside the midclavicular line and quiet in character. A soft early systolic murmur and an opening snap were heard at the mitral area. The pulmonary closure sound was accentuated. The blood pressure was I25/95 mmHg. A chest x-ray showed massive enlargement of the heart with obvious prominence of the pulmonary conus and diffuse mottling in the lungs. The electrocardiogram showed bifid P waves and T wave inversion in the left ventricular leads. Cardiac catheterization findings are set out in Table 7 .
A left ventricular angiocardiogram showed a 'cupped' apex with a shelf effect at the rim of the cup and a mild mitral incompetence. A right ventricular angiocardiogram showed obvious prominence of the pulmonary artery together with a grossly dilated and hypertrophied right ventricle with exaggerated septal crenations. The right ventricular apex was preserved, and a moderate tricuspid incompetence was present. The conclusion was severe endomyocardial fibrosis of the left ventricle with severe pulmonary hypertension and secondary right heart failure.
Biopsy taken from the right ventricular endocardium showed obvious hypertrophy of the myofibres with some patchy interstitial fibrosis (Fig. 8) (Fig. ga, b) Endomyocardial biopsy showed a piece of ventricular muscle with hypertrophy of the myofibres, some of which contained large and rather bizarrely shaped nuclei (Fig. Io) . There was a slight increase in interstitial tissue but no evidence of myocarditis. Comment The biopsy findings in this patient were consistent with a diagnosis of 'congestive cardiomyopathy' ('idiopathic cardiomegaly').
group.bmj.com on November 8, 2017 -Published by http://heart.bmj.com/ Downloaded from Endomyocardial biopsy 831 Conclusions The diagnosis of obscure heart disease (cardiomyopathy) may be difficult even after death when the whole organ is available for study. However, as already indicated, endomyocardial fibrosis is a specific pathological entity (Connor et al., I967, I968) . Analysis of biopsy material obtained from patients with proved endomyocardial fibrosis shows that it is possible with the Konno biopsy to make a histological diagnosis during life. Not surprisingly, in some cases with dense collagen scars over the right ventricle it is not easily possible to obtain sufficient material.
In the 'congestive cardiomyopathies', in which a successful biopsy is usual, the histological picture of myofibre hypertrophy and nuclear changes is helpful in confirmation of the diagnosis of 'idiopathic cardiomegaly' and in differentiation from endomyocardial fibrosis. It is likely that more conclusive diagnoses can be made by the Konno method in more 
